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,QWURGXFWLRQ
2YHU WKH ODVW WKUHH \HDUV WKH DXWKRU KDV VWXGLHG KRZ FRPSDQLHV VXVSLFLRXVO\ZDWFK WKH HPHUJHQFH RI D QHZ
WHFKQRORJ\FDOOHGArtificial Intelligence (AI)HVSHFLDOO\Cognitive Computing,QVKRUWERWKDSSURDFKHVPDNH
XVHRIDOJRULWKPVEDVHGRQDeep Learning DQGReinforcement Learning WKDWH[SORLWELJGDWDE\PLPLFNLQJVNLOOVRI
KLJKHU KXPDQ WKLQNLQJ $XJXUV DOUHDG\ FODLP WKH DGYHQW RI DQ ³HUD RI FRJQLWLYH V\VWHPV´ 0DUNHW UHVHDUFK
FRPSDQLHVVHHWKHHPHUJHQFHRIDQHZPDUNHW0RUHRYHUWKHHYLGHQFHLVLQFUHDVLQJWKDWFRJQLWLYHFRPSXWLQJ
ZLOOFUHDWHDODUJHLPSDFWRQDQ\FRPSDQ\
)RUWKDWSXUSRVHWKHH[LVWLQJHQWHUSULVH,QIRUPDWLRQ7HFKQRORJ\,7SODWIRUPPXVWEHHORQJDWHGE\V\VWHPVWKDW
\LHOGWKHYDOXHDGGIURPDUWLILFLDOFRJQLWLYHFDSDELOLWLHV+RZHYHUWKLVWUDQVIRUPDWLRQZLOOQRWFRPHHDV\
&KDOOHQJHVRIQHZWHFKQRORJLHV
(QWHUSULVHVZLOOIDFHPDQ\FKDOOHQJHVIURPDUWLILFLDOLQWHOOLJHQFHVLPXOWDQHRXVO\$OOHPSOR\HHVZLOOEHDIIHFWHG
WKHLUZD\RIZRUNLQJWKHZD\WKH\PDNHGHFLVLRQVRUGRSUHGLFWLRQVDQGIRUHFDVWV&RJQLWLYHWRROVIXQGDPHQWDOO\
UHVKDSHDQGUHGHILQHWKHZD\RINQRZOHGJHZRUNDVZHNQRZLWWRGD\
$Q\QHZWHFKQRORJ\LVSRLVHGWRVKDNHDQRUJDQL]DWLRQLQWZRZD\V1HZWHFKQRORJLHVFKDQJHWKHEDODQFHVRI
SRZHUEHFDXVHVRPHSHRSOHZLOOPDNHEHWWHUXVHRILWWRSXUVXHWKHLUJRDOVRWKHUVPLJKWQR1HZWHFKQRORJLHV
IRUFHDOOSHRSOHLQDQRUJDQL]DWLRQWRLPSURYHWKHLU³FRJQLWLYHOLWHUDF\´
([SORLWLQJDQHZWHFKQRORJ\KDVDOZD\VEHHQDSURFHGXUHRIVRFLDOQHJRWLDWLRQE\QDWXUH6XFFHVVODUJHO\GHSHQGV
RQDFROODERUDWLYHHIIRUWRIDOOVWDNHKROGHUVHLWKHULQYROYHGDGGUHVVHGRUDIIHFWHG,QWKHODVWGHFDGHVRQO\DIHZ,7
WUHQGVOHGWRGLVUXSWLYHFRQVHTXHQFHVIRUDQHQWHUSULVH(PDLODFFHVVDQG,QWHUQHWFDSDELOLW\KDYHEHHQWKHWZRPRVW
UHFHQWEUHDNWKURXJKVLQWKLVUHJDUG7KHH[LVWLQJPHWKRGRORJLHVRISURMHFWPDQDJHPHQWDQG,7GHSOR\PHQWSURYHG
VXIILFLHQWWRRYHUFRPHWKHFKDOOHQJHVDFFRPSDQLHGE\WKHLQWURGXFWLRQRIERWK
+RZHYHUZKLOHDUWLILFLDOLQWHOOLJHQFHLVHQWHULQJWKHIURQWGRRUWKRVHIDPLOLDULPSOHPHQWDWLRQSURFHVVHVZLOOQRW
ZRUNDQ\PRUH6RPHWUHQGVOHYHUDJHWKHFKDOOHQJHVRILWVGHSOR\PHQW7KHHQWHUSULVHKLHUDUFKLHVIODWWHQQHZIRUPV
RI FROODERUDWLRQ RSHQ XS DQG FRPSDQLHV UXQ WRZDUGV PRUH HPSOR\HH GHPRFUDF\:RUNIRUFH GLYHUVLW\ LV PRUH
LPSRUWDQWWRGD\DQGRIIHUVDEUHDGWKRIRSWLRQVDQGFRQVLGHUDWLRQVWRMXJJOHFKDOOHQJHV7KDWLQWXUQKHOSVWRILQG
FUHDWLYHVROXWLRQVWRVLJQLILFDQWSUREOHPVZKLFKFUHDWHVPRUHUREXVWVROXWLRQVWKDQLQWKHSDVW
+RZHYHUFRPSDQLHVRIWHQWHQGWRLJQRUHWKUHDWVDORQJWKHZD\ZKHQLWFRPHVWRXQGHUVWDQGLQJWKHLPSDFWRIQHZ
WHFKQRORJLHV 7KH\ FDQQRW MXVW VXEVWLWXWH OHJDF\ WHFKQRORJ\ E\ D UHYROXWLRQDU\ RQH DQG KRSH WR PDUJLQDOL]H
SV\FKRORJLFDO DQG VRFLHWDO LPSDFW $ WHFKQRORJ\ WKDW PLPLFV DUWLILFLDO LQWHOOLJHQFH WKUHDWHQV WKH LQWHJULW\ RI WKH
RUJDQL]DWLRQ ,W FKDQJHV KXPDQV¶PRWLYDWLRQ DQG DWWLWXGHV DQGZUHDNV KDYRFGHFLVLRQPDNLQJ SURFHGXUHV7KXV
FRQWHPSRUDU\VWUDWHJLHV IRU ,7GHSOR\PHQWGRQRWZRUNDW WKHDUULYDORIK\SHULQWHOOLJHQWPDFKLQHV7KRVH LVVXHV
FDQQRWEHUHVROYHGE\FROOHFWLQJDGGLWLRQDOGDWDRQWKHGLVUXSWLYHFKDUDFWHURIFRJQLWLYHWRROVWRGHILQHSHUWLQHQWWRSLFV
LQPRUHGHWDLORUWRGLVPDQWOHDODUJHFKDOOHQJHLQWRWLQLHUWDVNV
&XUUHQW,7SODQQLQJDQGGHSOR\PHQWWHFKQLTXHVZRXOGRQO\OHDGWRLQFUHDVHGFRQIXVLRQDQGDGGLWLRQDOULVNVIRU
FRPSDQLHV ,QDEHWWHUVFHQDULR WKH\ZLOO MXVWFDXVHD³SURGXFWLYLW\SDUDGR[´ LHDUWLILFLDO LQWHOOLJHQFHPLJKWQRW
DFKLHYH WKH SURGXFWLYLW\ JDLQV H[SHFWHG EHFDXVH FRPSDQLHV GR QRW XQGHUVWDQG KRZ WR H[SORLW WKHP ,Q DQ
XQIRUWXQDWHVFHQDULRDFRPSDQ\ZLOOQRWVXUYLYHWKLVWKUHDWDWDOO:K\LVWKLV"%HFDXVHDUWLILFLDOLQWHOOLJHQFHFUHDWHV
Dwicked problemWKDWLVH[WUHPHO\GLIILFXOWWRUHVROYH
:KDWLVZLFNHGQHVV"
:LFNHGQHVVLVDGHJUHHRIGLIILFXOW\&KDUDFWHUL]LQJWKHQDWXUHRIZLFNHGSUREOHPVLVGLIILFXOWEHFDXVHFRQYHQWLRQDO
SURFHGXUHVFDQQRWKDQGOHDQGUHVROYHWKH$ZLFNHGSUREOHPFRPSULVHVWKUHHDWWULEXWHV)LUVWLWKDVmany causes
6HFRQG LW LV tough to describe0RUHRYHU WKLUG LW GRHV QRW SURYLGH D simple answer (FRORJLF GLVDVWHU ,VODPLF
WHUURULVPRUWKHUHFHQWJOREDOILQDQFLDOFULVLVDUHH[DPSOHVRIZLFNHGSUREOHPV
:LFNHGSUREOHPVDUHWKHRSSRVLWHRIKDUGEXWRUGLQDU\SUREOHPVWKDWDUHDQVZHUHGLQDILQLWHSHULRGE\DSSO\LQJ
VWDQGDUG WHFKQLTXHV HJ QXPEHU FUXQFKLQJ SURMHFW SODQQLQJ WUHQG H[WUDSRODWLRQ 1RW RQO\ WKDW FRQYHQWLRQDO
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SURFHVVHVFDQQRWFRSHZLWKZLFNHGSUREOHPVEXWWKRVHPLJKWDOVRZRUVHQWKHVLWXDWLRQE\JHQHUDWLQJVXUSULVLQJRU
XQH[SHFWHGFRQVHTXHQFHV
0DQ\ SUREOHPV DUH QRWZLFNHG DW DOO 7KH\ DUH tame. )RU D WDPH SUREOHP D WUDGLWLRQDO UHVROXWLRQ SURFHVV LV
VXIILFLHQWWRSURGXFHDQDQVZHUZLWKLQDVDWLVIDFWRU\WLPHIUDPH,WGHVFULEHVDFOHDUSUREOHPVWDWHPHQW,WKDVD
GHILQLWH VWRSSLQJ SRLQW LH WKH PLVVLRQ LV DFFRPSOLVKHG  7KH VROXWLRQ LV HLWKHU ULJKW RU ZURQJ  ,W VKRZV
VLPLODULWLHVZLWKRWKHUSUREOHPV,WKDVVROXWLRQVWKDWFDQEHWULHGDQGDEDQGRQHG,WRIIHUVDVHWRIRSWLRQV
³)LQGLQJWKHVTXDUHURRWRILVDWDPHSUREOHPDVLVILQGLQJWKHVKRUWHVWURXWHIURP$WR%RQDPDS5HSDLULQJ
DFRPSXWHUUDLVLQJDQGVHOHFWLQJDQHZGRFWRUZKHQ\RXPRYHWRDQHZFLW\DUHDOOWDPHLIFRPSOH[DQG
DUGXRXVSUREOHPV7DPHGRHVQRWPHDQVLPSOH±DWDPHSUREOHPFDQEHWHFKQLFDOO\YHU\FRPSOH[´
+RZWKHQFDQZHGHVFULEHDZLFNHGSUREOHP"7KHUHDUHVHYHUDOGLPHQVLRQVWRJUDVSLWVQDWXUH$FFRUGLQJWR5LWWHO
DQG:HEEHUFKDUDFWHUL]LQJDZLFNHGSUREOHPFRPSULVHVWHQDWWULEXWHV&RQNOLQGLVWLOOHGWKRVHLQWRVL[WKDWJLYHD
FRQWRXUWRLWVHH7DEOH

$SUREOHPFDQGLGDWHPXVWQRWDGGUHVVDOOFKDUDFWHULVWLFVWREHZLFNHG/DXQFKLQJWKHVoyager VSDFHFUDIWVLQWR
RXWHU VSDFH LQ  KDG EHHQ DQ LVVXH RImuch ZLFNHGQHVV EXW DOVR FRPSULVHG TXLWHPDQ\ WDPH HOHPHQWV OLNH
JUDYLWDWLRQDOVOLQJVKRWPDQHXYHUV7KHUHZHUHFHUWDLQO\VRPHZLFNHGVXESUREOHPVOLNHHJDSURMHFWOHQJWKWKDW
RXWODVWHG WKH ODERULQJ OLIH RI H[SHUWV RU D FHDVLQJ EXGJHW DIWHU GHFDGHV RI SURMHFW WLPH +RZHYHU WKH SUREOHP
VWDWHPHQWUHPDLQHGFOHDUIURPWKHEHJLQQLQJ$UHQGH]YRXVZLWKWKHRXWHUSODQHWVRIWKHXQLYHUVH7KXVLWGLGQRW
FKDQJHLQVHYHUDOGHFDGHVVWFULWHULRQ7KHSURMHFWKDGDFOHDUµVWRSSLQJSRLQW¶DWZKLFK1$6$FRXOGVD\WKH\ZRXOG
KDYHDFFRPSOLVKHGWKHLUPLVVLRQDQGKDYLQJPHWWKHLUJRDOVQGFULWHULRQ0RUHRYHUWKHVROXWLRQFRXOGEHFOHDUO\
HYDOXDWHGDVKDYLQJVXFFHHGHGRUIDLOHGUGFULWHULRQ
$SUREOHPFRXOGEHZLFNHGRUWDPH8VXDOO\LWLVQRWELQDU\0RVWSUREOHPVUHSUHVHQWDEDODQFHGPL[EHWZHHQ
ZLFNHGQHVVDQGWDPHQHVV$QRWKHUFDYHDW7KRVHVL[FULWHULDDUHQRWDFRPSOHWHVHWWKDWGHWHUPLQHVWKHZLFNHGQHVV
RIDSUREOHP5DWKHUPRUHWKH\SURYLGHDQLQLWLDOIUDPLQJWKDWKHOSVWRGHFLGHZKHWKHUDSUREOHPPLJKWEHZLFNHG
DQGKRZWRFRSHZLWKLWIXUWKHURQ
)RUGRPDLQVRISXEOLFSROLF\VRIWZDUHGHYHORSPHQWDQGSURMHFWGHVLJQH[SHUWVKDYHGLVFRYHUHGZD\VRIKRZWR
VSRWZLFNHGSUREOHPVDQGKRZWRKDQGOHWKHP(VSHFLDOO\SROLF\PDNHUVDUHSURILFLHQWLQWKLVUHJDUG+RZHYHU
HQWHUSULVHPDQDJHPHQWKDVSDUWLFXODUO\QRWH[HUFLVHGWRXVHLWLQWKHUHDOPRI,7WHFKQRORJ\GHSOR\PHQW
7KHULVHRIDUWLILFLDOLQWHOOLJHQFH
:HDOUHDG\VHHDOHQJWK\GLVFXVVLRQZKHWKHUYROXPHVDQGWKHVWHDG\VWUHDPRIGDWDFUHDWHUHOHYDQFHIRUEXVLQHVV
PRGHOVLQWKHIXWXUH:LWKDPRUHPDWXUHWHFKQLFDOLQIUDVWUXFWXUHDQGGHHSOHDUQLQJRUUHLQIRUFHPHQWDOJRULWKPV
LQ SODFH DQG DQ DEXQGDQFH RI GDWD IORRGLQJ RUJDQL]DWLRQV WKHUH LV PRUH HYLGHQFH WKDQ HYHU WKDW GDWDGULYHQ
HQWHUSULVHVZLOO RXWSHUIRUP WKRVH WKDW GRQRW H[SORLW GDWD$V D FRQVHTXHQFH WKH XOWLPDWH JRDOPXVW EH WR
WUDQVIRUPDQRUJDQL]DWLRQLQWRDcognitive enterprise+RZHYHUWREXLOGVXFKDQRUJDQL]DWLRQZLOOKDYHWR
IDFHTXHVWLRQVEH\RQGWHFKQRORJ\EHFDXVH³VPDUWPDFKLQHVZLOODOVRHVWDEOLVKQHZH[SHFWDWLRQVDQGVWDQGDUGV
RISHUIRUPDQFH´ :KDWKDSSHQVZKHQDQ HQWHUSULVHGHSOR\V DUWLILFLDO LQWHOOLJHQFH"/RRNLQJ DW WKLV TXHVWLRQ
IURP D SHUVSHFWLYH RI ZLFNHGQHVV FRXOG VKHG VRPH OLJKW RQ ZK\ VSHFLILF DFWLRQV VKRXOG EH WDNHQ RU ZK\ D
GHGLFDWHGSDWKWRFRJQLWLRQGRHVQRWZRUN






7KHSUREOHPLVQRWXQGHUVWRRGXQWLODIWHUWKHIRUPXODWLRQRID VROXWLRQ
:LFNHGSUREOHPVKDYHQRVWRSSLQJUXOH
6ROXWLRQVWRZLFNHGSUREOHPVDUHQRWULJKWRUZURQJ
(YHU\ZLFNHGSUREOHPLVHVVHQWLDOO\QRYHODQGXQLTXH
(YHU\VROXWLRQWRDZLFNHGSUREOHPLVD
RQHVKRWRSHUDWLRQ

:LFNHGSUREOHPVKDYHQRJLYHQDOWHUQDWLYHVROXWLRQV
7DEOH7KHVL[SURSHUWLHVRIZLFNHGSUREOHPV
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8QGHUVWDQGWKHZLFNHGQHVVRIDUWLILFLDOLQWHOOLJHQFH
,Q WKHWKFHQWXU\ -DPHV:DWW LQYHQWHG WKHVWHDPHQJLQH$W WKDW WLPHQRERG\FRXOG LPDJLQH WKDW WKLVVLQJOH
LQYHQWLRQPXOWLSOLHGIDFWRU\SURGXFWLRQOHGWRVRFLHWDOXSKHDYDODQGHYHQFKDQJHGWKHSROLWLFDOODQGVFDSH7KHUHZDV
QRSDUDOOHOWRWKHSKHQRPHQRQFDOOHG³VWHDPHQJLQH´7KLVPDFKLQHRXWSHUIRUPHGKXPDQPXVFOHSRZHUE\RUGHUVRI
PDJQLWXGH0RUHRYHULWFUHDWHGPDQ\XQH[SHFWHGDQGVXUSULVLQJFRQVHTXHQFHV
,QWKHVWFHQWXU\ZHPLJKWH[SHULHQFHDVLPLODUG\QDPLFLQLQWURGXFLQJDUWLILFLDOLQWHOOLJHQFH$VZLWKVWHDP
HQJLQHVHYHQFRJQLWLYHHQJLQHVDUHDQDGYHQWXUHLQXQFKDUWHUHGWHUULWRU\WKDWFUHDWHVZLFNHGQHVV
+RZHYHUPDQDJHPHQWGRHVQRWVHHWKLVDVDZLFNHGSUREOHP,WVWLOOFRQVLGHUVLWDVDWDPHLVVXH&RQNOLQSRLQWV
RXW³0DQDJHUV LQSDUWLFXODUVHHPWREHXQDZDUHWKDWOLQHDUSURFHVVHVDUHQRWHIIHFWLYHZLWKVXFKSUREOHPV>«@
7UDGLWLRQDOWKLQNLQJFRJQLWLYHVWXGLHVDQGWKHFRPPRQGHVLJQPHWKRGVDOOSUHGLFWHGWKDWWKHEHVWZD\WRZRUNRQD
SUREOHP OLNH WKLV ZDV WR IROORZ DQ RUGHUO\ DQG OLQHDU µWRSGRZQ¶ SURFHVV ZRUNLQJ IURP WKH SUREOHP WR WKH
VROXWLRQ´7KXVLWLVPRVWOLNHO\WKDWPDQDJHUVH[SHFWWRIROORZDQRWKHUW\SHRI³ZDWHUIDOOPRGHO´%HFDXVHLWLVD
PHWKRGRORJ\WKH\DUHXVHGWRUHPDLQLQFRQWURORYHUWKHSURFHVVVHH)LJXUH

:HKDYHHYLGHQFHWKDWPDQDJHUVXVXDOO\UHMHFWXQSURYHQDSSURDFKHVWRSUREOHPVROYLQJ,QVWHDGWKH\DUJXH³>«@
WKDWWKHPRUHFRPSOH[WKHSUREOHPLVWKHPRUHLPSRUWDQWLWEHWRIROORZWKLVRUGHUO\IORZ´>@8QIRUWXQDWHO\D
FRPPDQGDQGFRQWUROSDUDGLJPUHLQIRUFHVWKHEOLQGQHVVDERXWWKHFKDOOHQJHVWKDWDUULYHZLWKDUWLILFLDOLQWHOOLJHQFHDW
WKHERXQGDULHVRIDQHQWHUSULVH1RVLQJOHSHUVRQLVFDSDEOHRIZRUNLQJRXWXQGHUVWDQGDQGGHFLGHRQVXFKKXJH
FKDQJHVLQWKHRUJDQL]DWLRQ0F.LQVH\HJFRQGXFWHGDVWXG\RQWKHTXDOLW\RIGHFLVLRQPDNLQJLQFRPSDQLHVLQ
7KH\FRQFOXGHG³'HFLVLRQVLQLWLDWHGDQGDSSURYHGE\WKHVDPHSHUVRQJHQHUDWHWKHZRUVWILQDQFLDOUHVXOWVLQGLFDWLQJ
WKHYDOXHRIJRRGGLVFXVVLRQ´>@
,QVWHDGWKHRQO\SURPLVLQJDSSURDFKWRJUDVSLQJDUWLILFLDOLQWHOOLJHQFHLVFUHDWLQJDVKDUHGXQGHUVWDQGLQJDPRQJ
DOOVWDNHKROGHUVHLWKHULQWHUHVWHGLQFKDUJHRUDIIHFWHG
,QWKHIROORZLQJFKDSWHUVZHZLOODUJXHWKDWWKHDGYHQWRIFRJQLWLYHPDFKLQHVLVDwicked problem&RQYHQWLRQDO
PHWKRGRORJLHVRI,7GHSOR\PHQWZRXOGIDLO$QRUJDQL]DWLRQFDQQRWGHSOR\DUWLILFLDOLQWHOOLJHQFHE\KLWKHUWRPHDQV
RI,7PDQDJHPHQW,7SURFHGXUHVDQG,7WRROV7KHDXWKRUFRQFOXGHVWKLVE\UXQQLQJWKURXJKDOOFULWHULDWKDWGHILQH
DZLFNHGSUREOHP7DEOHDQGPDWFKWKRVHDJDLQVWWKHWDVNWRPDNHDUWLILFLDOLQWHOOLJHQFHDYDLODEOHIRUWKHEHQHILWRI
DQHQWHUSULVH
)LJ:DWHUIDOOPRGHOWRLQWURGXFH$,WRWKHRUJDQL]DWLRQDGRSWHG
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5.1. Not understood before solution 
&RPSDQLHVZLOOQRWXQGHUVWDQGWKHLVVXHRIDUWLILFLDOHQWHUSULVHXQWLOWKH\KDYHGHYHORSHGDVROXWLRQ$Q\VROXWLRQ
H[SRVHVQHZDVSHFWVRIWKHFRPSOH[LW\WKDWUHTXLUHVDGGLWLRQDODOLJQPHQWWRSRWHQWLDOWUDFNVRIVROXWLRQV(QWHUSULVHV
ZLOOKDUGO\EHDEOHWRZULWHDSUHFLVHVWDWHPHQWRIµWKHSUREOHPRIDUWLILFLDOLQWHOOLJHQFH¶7KHFKDOOHQJHLVRQO\LOO
VWUXFWXUHGDQHPHUJLQJVHWRIWZLVWHGLVVXHVRSSRUWXQLWLHVULVNVDQGFRQVWUDLQWV
&RJQLWLYHPDFKLQHVDOUHDG\RXWSHUIRUPKXPDQFRJQLWLRQE\RUGHUVRIPDJQLWXGH,Q0DUFKHJAlphaGo 
EHDWWKHGo ZRUOGFKDPSLRQ/HH6HGRO,WZDVQRWDVWRQLVKLQJthat DPDFKLQHDVGRQHLWLQDQRWKHULPSRUWDQWJDPH
GLVFLSOLQHEXWHYHQH[SHUWVZHUHVXUSULVHGLWKDSSHQHGWKDWIDVW0RVWKDGH[SHFWHGWKLVDFKLHYHPHQWDKHDGDQRWKHU
GHFDGH
2QHDSSURDFKWRLQWURGXFLQJDUWLILFLDOLQWHOOLJHQFHFRXOGEHMXVWWRODXQFKFRJQLWLYHWRROVLQDGHGLFDWHGGHSDUWPHQW
DQGVHHZKDWZRXOGKDSSHQ,WFRXOGWXUQRXWWKDWUHFRPPHQGDWLRQVRIDPDFKLQHPLJKWEHFRXQWHULQWXLWLYHWRZKDW
H[SHUWVDQGPDQDJHUVWKLQNDQGGHFLGH7KXVLQWURGXFLQJVXFKDWRROZLWKRXWVXSSRUWLQJSURFHGXUHVDQGWKHGHHSHU
XQGHUVWDQGLQJZLOOLQVWDQWO\PRGHODGLIIHUHQWV\VWHPRIFKHFNDQGEDODQFHVPDQYVPDFKLQH0DQDJHUVPLJKWEH
DWDORVVKRZWRFRSHZLWKFRQWUDGLFWRU\UHVXOWVDUULYLQJIURPWKLQNLQJPDFKLQHVDQGKRZWRGHDOZLWKUHVXOWVZKHQ
PDFKLQHVGLVDSSURYHWKHP
:HZLWQHVVDQXQSUHFHGHQWHGLQFLGHQWLQKXPDQKLVWRU\,WKDSSHQVPXFKIDVWHUWKDQZHZRXOGKDYHWKRXJKWHYHQ
DIHZ\HDUVDJR7KLVWUDMHFWRU\LVXQVWRSSDEOHDQGPLJKWFDXVHHIIHFWVZHDUHKDUGO\DEOHWRDQWLFLSDWHWRGD\
$UWLILFLDOLQWHOOLJHQFHZLOOVSUHDGLQUHDOPVRISROLWLFVHFRORJ\WHFKQRORJ\DQGVRFLHW\2QO\DPLQRULW\RIDFDGHPLFV
DOUHDG\PDNHHIIRUWVWRXQGHUVWDQGWKHFRQVHTXHQFHVZHZLOOIDFH
5.2. No stopping rule 
7KHSUREOHPRIDUWLILFLDOLQWHOOLJHQFHGHSOR\PHQWKDVQRPDQDJHDEOHµWKHSUREOHP¶WKHUHLVHYHQQRPDQDJHDEOH
µWKHVROXWLRQ¶&RPSDQLHVZLOOQRWHDVLO\GHILQHDVWRSSLQJUXOH3UREOHPVROYLQJHQGVZKHQWKHHQWHUSULVHUXQVRXWRI
HLWKHUWLPHPRQH\RUPRWLYDWLRQ+RZHYHULWZLOOQRWHQGRQFHD³ILQDODQGFRUUHFW´VROXWLRQKDVHPHUJHG7KH
SUREOHPZLOOEHVXIILFLHQWO\UHVROYHGRQFHWKHRYHUDOOVLWXDWLRQLVsatisficing DQGgood enough 
7KHPDMRUFKDOOHQJHWRmachine cognition LVWKDWZHKDYHQRLGHDZKDWhuman cognition LVDWDOO1HYHUWKHOHVV
H[SHUWVPDGHVRPHHIIRUWVWRIUDPHWKHSKHQRPHQRQRIDUWLILFLDOFRJQLWLRQ+RZHYHUDOOGHILQLWLRQVVKHGDGLP
OLJKW RQ WKH FRPSOH[LW\ ZKLFK RSHQV RQFH ZH DFFHSW WKH DYDLODELOLW\ RI HYHQ RQH JURXQGEUHDNLQJ FRQFHSW
&RJQLWLYH V\VWHPV SHUPDQHQWO\ OHDUQ IURP LQWHUDFWLRQ ZLWK KXPDQ EHLQJV ZKLFK SRVHV TXLWH D IHZ
XQSUHFHGHQWHGFKDOOHQJHVWRKXPDQWKLQNLQJDQGRUJDQL]DWLRQDOSURFHGXUHV
:HKDYHQRSUHFHGHQFHVLPLODUWRDPDFKLQHWKDWFRPHVFORVHWRWKHZD\DKXPDQEHLQJWKLQNVDFWUHDFWVDQG
LQWHUDFWV0RUHRYHUZHFDQKDUGO\IRUHVHHDWZKLFKWLPHWKHEHQHILWVRIFRJQLWLYHPDFKLQHVZLOOKDYHEHHQIXOILOOHG
5.3. Not right or wrong 
3RVVLEOHVROXWLRQVWRWKHZLFNHGSUREOHPRIDUWLILFLDOLQWHOOLJHQFHIRUWKHHQWHUSULVHDUHQRWULJKWRUZURQJ7KH\
PLJKWVKLPPHUEHWZHHQworsebadbettergood enough RUnot good enough7KHFRPSDQ\FDQQRWGHULYHWKHVROXWLRQ
TXDOLW\IRUDUWLILFLDOLQWHOOLJHQFHIURPDVLPSOHIRUPXOD,WKDVWRRXWZHLJKFDUHIXOO\WKHVRFLHWDODQG RUJDQL]DWLRQDO
LPSDFWZKHUHPDQ\SDUWLHVDUHLQYROYHG7KHLUUHVSHFWLYHMXGJPHQWVDUHPRVWOLNHO\TXLWHGLIIHUHQWDQGGHSHQGRQ
GLYHUJLQJXQGHUO\LQJYDOXHVDQGLQGLYLGXDOJRDOV$OOVWDNHKROGHUVSRVVHVVDGLIIHUHQWOHYHORIXQGHUVWDQGLQJRIWKH
UHDO SUREOHP DQG LWV SRVVLEOH VROXWLRQV )LJXUH  3ORWWLQJ HJ stakeholder 1 DQG stakeholder 2 RQ WKHZDWHUIDOO
NLQJO\URDGWRDUWLILFLDOLQWHOOLJHQFHGHSOR\PHQWPLJKWUDWKHUEHPRUHOLNHD³VHLVPRJUDSKIRUDPDMRUHDUWKTXDNH´
7KHFKDOOHQJHLQFRJQLWLYHFRPSXWLQJLVnot WRILQGWKHXQLTXHDQVZHU,QVWHDGFRPSDQLHVKDYHWRXQYHLOZKDW
WKH SXUSRVH RI DUWLILFLDO LQWHOOLJHQFH ZLOO EH LQ SXUVXLQJ VXSSRUWLQJ DQG RXWOLQLQJ WKHLU YDOXH V\VWHP ,I DQ
RUJDQL]DWLRQ FDQQRW DFKLHYH D shared meaning RI LWV SXUSRVHV DQG JRDOV >@ LW FDQ KDUGO\ DUULYH
XQGHUVWDQGLQJDERXWWKHUROHRIDUWLILFLDOLQWHOOLJHQFHLQWKLVUHJDUG
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&RJQLWLYH FRPSXWLQJ FRXOG DGG EHQHILW RU GDPDJH WR DQ RUJDQL]DWLRQ (LWKHU ZD\ LW FKDOOHQJHV WKH JLYHQ
EDODQFHVRISRZHU,QD+RQJ.RQJYHQWXUHFDSLWDOFRPSDQ\DSSRLQWHGDVRIWZDUHFDOOHG9LWDODVDPHPEHURI
WKHH[HFXWLYHFRPPLWWHH7KXVLWXOWLPDWHO\FKDQJHGWKHFKHFNDQGEDODQFHVIRULQYHVWPHQWGHFLVLRQVRQLWVERDUG
RIGLUHFWRUV
5.4. Novel and unique 
$UWLILFLDOLQWHOOLJHQFHLVXQLTXHDQGQRYHOWRDQHQWHUSULVH,WLPSOLHVIDFWRUVOLPLWDWLRQVFRQVWUDLQWVWKDWDUHDOO
HPEHGGHG LQ D G\QDPLF RUJDQL]DWLRQDO FRQWH[W ,W PXVW EH FXVWRPL]HG GHVLJQHG DQG ILWWHG WR HDFK FRPSDQ\
6WDUWLQJIURPVFUDWFKZLWKDUWLILFLDOLQWHOOLJHQFHKHOSVDFRPSDQ\WRDFTXLUHPRUHLQVLJKWVDQGH[SHULHQFHVDERXWLWV
FXUUHQW DSSURDFK+RZHYHU HYHU\ FRPSDQ\QHHGV DEHJLQQHU¶VPLQG LQKRZ WR FXVWRPL]H WKH WHFKQRORJLHV WR LWV
SDUWLFXODUQHHGV
(YHQLIDFRPSDQ\KDVFUHDWHGSURPLVLQJDSSURDFKHVRQKRZWRGHSOR\DUWLILFLDO LQWHOOLJHQFH WKHSUREOHPZLOO
UHPDLQHVVHQWLDOO\XQLTXHDQGQRYHO+RZZLOOHPSOR\HHVUHDFWLIWKHWHFKQRORJ\FKDOOHQJHVWKHLUMREGHVFULSWLRQV"
+RZZLOOFXVWRPHUVUHSO\RQDXWRPDWLRQHIIRUWVLQWKHFXVWRPHUVHUYLFH":RXOGWKH&(2EHZLOOLQJWRKDQGRYHU
GHFLVLRQFRPSHWHQFHWRDPDFKLQH"7KHGHSOR\PHQWRIDUWLILFLDOLQWHOOLJHQFHLVQRWPHUHO\DWHFKQRORJLFDOSUREOHP
,WUHPDLQVSROLWLFDORUJDQL]DWLRQDODQGSV\FKRORJLFDODVZHOO
5.5. Any solution = 1 shot operation 
,QWURGXFLQJ DUWLILFLDO LQWHOOLJHQFHRQ DZLGHU VFDOHKDV DGUDPDWLF HIIHFW RQNQRZOHGJHZRUNSHUIRUPDQFH WKH
EDODQFHVRISRZHUDQGZRUNIRUFHWUDLQLQJ7KDWLVHYHQWKHILUVWFRQWUROOHGDWWHPSWEH\RQGDODERUDWRU\FRQWH[W
FRXOGOHDGWRDPDVVLYHLPSDFW,7H[SHUWVPLJKWEXLOGSURWRW\SHVRIFRJQLWLYHHQJLQHVDQGWHVWWKHPEXWWKHUHLVQR
ZD\ WR DQWLFLSDWH XQLQWHQGHG FRQVHTXHQFHV RI UXQQLQJ WKHP LQ GHSDUWPHQWV OLNH KXPDQ UHVRXUFHV PDUNHWLQJ
FRQWUROOLQJRUHYHQWKHERDUGRIGLUHFWRUV
7KH SRZHU RI DUWLILFLDO LQWHOOLJHQFH LV XELTXLWRXV DQG DOOHQFRPSDVVLQJ 7KH HQWHUSULVH FDQ KDUGO\ OHDUQ IURP
DUWLILFLDOLQWHOOLJHQFH³LQDVDQGER[´&RPSDQLHVFDQQRWOHDUQDERXWWKHSUREOHPZLWKRXWWU\LQJSRVVLEOHVROXWLRQVLQ
WKHZLOGEXWHYHU\VROXWLRQPLJKWEHH[SHQVLYHWHFKQRORJLFDOO\RUJDQL]DWLRQDOVRFLHWDODQGFDQ³OHDGWRODVWLQJ
XQLQWHQGHGFRQVHTXHQFHVZKLFKDUHOLNHO\WRVSDZQQHZZLFNHGSUREOHPV´
)LJ3DWWHUQRIGLIIHUHQWVWDNHKROGHUVUHODWHGWR$,LQWKHRUJDQL]DWLRQVDGRSWHG
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7KHGHSOR\PHQWRIDUWLILFLDOLQWHOOLJHQFHLVVXFKXQLTXHWKDWFRPSDQLHVZLOOQRWEHDEOHWRJROLWWOHE\OLWWOHDQG
GLVPDQWOH WKH TXHVWLRQ LQWR WLQLHU SLHFHV $Q\ DWWHPSW EH LW HLWKHU GHSOR\PHQW RI PDFKLQHV WUDLQLQJ HIIRUWV RU
FKDQJLQJWKHEDODQFHVRISRZHUFDQIRUFHFRPSDQLHVWRWDFNOHIXUWKHULVVXHV
5.6. No alternatives 
7KH GHSOR\PHQW RI DUWLILFLDO LQWHOOLJHQFH KDV QR JLYHQ DOWHUQDWLYH VROXWLRQV 7KH WHFKQRORJ\ SDUDGLJP LV VXFK
JURXQGEUHDNLQJWKDWHQWHUSULVHVFDQQRWMXVWUHIXVHWRLQWURGXFHFRJQLWLYHPDFKLQHV,QVWHDG³LWLVDERXWFUHDWLYLW\WR
GHYLVH SRWHQWLDO VROXWLRQV DQG DPDWWHU RI MXGJPHQW WR GHWHUPLQHZKLFK DUH YDOLGZKLFK VKRXOG EH SXUVXHG DQG
LPSOHPHQWHG´:HKDYHQRSUHFHGHQWLQKXPDQKLVWRU\EHFDXVHPDFKLQHVKDYHQRWFKDOOHQJHGWKHGRPLQDQFHRI
WKHKXPDQLQWHOOHFW\HW+RZHYHUFRPSDQLHVFDQQRWWDNHDQDOWHUQDWLYHSDWKDVWKH\ZRXOGQRWKDYHEHHQDEOHWR
UHMHFW VWHDPHQJLQHV WZRKXQGUHG\HDUV DJR&RPSDQLHVDUH ORRNHG LQD µ&DWFK¶VLWXDWLRQ7RXQGHUVWDQG WKH
LPSDFWRIDUWLILFLDOLQWHOOLJHQFHRQWKHEXVLQHVVWKH\QHHGH[SHULHQFHKRZWRPDNHWKHEHVWXVHRILW+RZHYHUWR
JHWWKHH[SHULHQFHWKH\KDYHWRGHSOR\FRJQLWLYHWRROV

0DQDJLQJZLFNHGQHVVRIFRJQLWLYHFRPSXWLQJ
&RPSDQLHVZLOOQRWHDVLO\GHWHFWVROXWLRQVWRWKHLUFRJQLWLYHFKDOOHQJH+RZHYHUWKH\FDQOHDUQWRFRSHEHWWHUZLWK
LW$VOccam’s razor VWDWHV VWUDLJKWIRUZDUG WHFKQLTXHVXVXDOO\ZRUNEHVW ,Q WKH IROORZLQJFKDSWHUV WKHDXWKRU
VXJJHVWHGVRPHLGHDVKRZWRDGGUHVVWKHZLFNHGSUREOHPRIPDQDJLQJWKHGHSOR\PHQWRIDUWLILFLDOLQWHOOLJHQFHLQWKH
HQWHUSULVH
6.1. Involving all stakeholders 
&RPSDQLHVFDQQRWPDQDJHDUWLILFLDOLQWHOOLJHQFHZLFNHGQHVVE\UHIHUULQJWRJLYHQV\VWHPDWLFVLQWHFKQRORJ\DQG
SURFHVVHV7KH\FDQQRWSUHGLFWDOOFRQVHTXHQFHVDULVLQJIURPWKHDGYHQWRIFRJQLWLYHHQJLQHV+RZHYHUWKH\PLJKW
EHDEOHWRXQYHLOVRPHRIWKHhidden aspects WKDWZLOORFFXU0RUHRYHULWLVEHVWWRDVNWKRVHSHRSOHZKRZLOOHLWKHU
EHQHILWRUVXIIHUIURPWKHLQWURGXFWLRQRIDUWLILFLDOLQWHOOLJHQFH
2UJDQL]DWLRQV FRXOG HJ KROG MDP VHVVLRQV WR HQFRXUDJH H[HFXWLYHV DQG VWDNHKROGHUV WR VKDUH SHUVSHFWLYHV
(QWHUSULVHVFRXOGUXQIRFXVJURXSVWRXQGHUVWDQGFRJQLWLYHWHFKQRORJ\DQGWKHLPSDFWRIVWDNHKROGHUV¶YLHZSRLQWV
/(*26HULRXV3OD\LVDYDOXDEOHDSSURDFKWKDWKHOSVWRJDLQKLGGHQLQVLJKWVIURPSDUWLHVLQYROYHG
1RWDOOSDUWLHVZLOODJUHHRQZKDWWKHFKDOOHQJHVRIDUWLILFLDOLQWHOOLJHQFHDUH+RZHYHUVWDNHKROGHUVVKRXOGEHDEOH
WRXQGHUVWDQGWKHLPSDFWRILWRQWKHLUKLWKHUWRMRESURILOHVDWDOO7KH\PXVWXQGHUVWDQGRQHDQRWKHU¶VSRVLWLRQ
ZHOOHQRXJKWRGLVFXVVGLIIHUHQWLQWHUSUHWDWLRQVIRUWKHHQWHUSULVHDQGKRZWRWDFNOHWKHP
6.2. Talk about values 
:KLOHFRPSDQLHVGHDOZLWKDZLFNHGSUREOHPDQGUXQH[SHULPHQWVZLWKGLIIHUHQWVWUDWHJLHVWKH\PXVWVWD\WUXH
WR D VHQVH RI VHOIEHORQJLQJ VKDUHGPHDQLQJ DQG SXUSRVH 2WKHUZLVH ZLWKRXW HDUO\ ZDUQLQJ VLJQDOV DUWLILFLDO
WHFKQRORJLHV ZLOO VFUDWFK RU EDWWHU FXOWXUDO YDOXHV DQG ZLOO GHVWUR\ H[LVWLQJ YDOXHV )DFLQJ DUWLILFLDO LQWHOOLJHQFH
RIIHUV D FKDOOHQJH EH\RQG SHUIRUPDQFH PHDVXUHPHQW ³$V WKHVH PDFKLQHV UHSODFH KXPDQV LQ VRPH WDVNV DQG
DXJPHQW WKHP LQRWKHUV WKHLU ODUJHVW LPSDFWPD\EH OHVV REYLRXV WKHLU YHU\ SUHVHQFH DPRQJXVZLOO IRUFHXV WR
FRQIURQWSUHVVLQJTXHVWLRQV:KDWDUHKXPDQVXQLTXHO\SURILFLHQW":KDWLVWKHFRPSDUDWLYHDGYDQWDJH"0RUHRYHU
ZKDWLVWKHSODFHDORQJVLGHWKHVHPDFKLQHV":HZLOOKDYHWRUHWKLQNWKHFRQWHQWRIRXUZRUNDQGRXUZRUNSURFHVVHV
LQUHVSRQVH´&RPSDQLHVPXVWVHDUFKIRUDQRUJDQL]DWLRQ¶V LGHQWLW\ WKDWZLOOKHOSWRDQVZHUTXHVWLRQVWKDWDULVH
IURPWKHDEXQGDQFHRIFRJQLWLYHFDSDELOLWLHV
Business Model Canvas DUHRQHZD\ WRGHVFULEH DQG FRQVLGHUEXVLQHVVPRGHOV+RZDERXW FXVWRPL]LQJ WKLV
DSSURDFKWRWKHFKDOOHQJHVLQDQDUWLILFLDOLQWHOOLJHQFHGULYHQEXVLQHVV"(QWHUSULVHVFRXOGHJTXHVWIRUDQDQVZHULQ
FUHDWLQJCognitive Model Canvas
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6.3. Fast failed attempts 
,QD1HZWRQLDQZRUOGDFDXVHLQGXFHVDQHIIHFW,IWKLVZRXOGZRUNIRUDUWLILFLDOLQWHOOLJHQFHFRPSDQLHVFRXOG
MXGJHEHIRUHKDQGZKDWVWUDWHJLHVWRDGDSW8QIRUWXQDWHO\HQWHUSULVHVIDFHDZLFNHGZRUOG1HZPDUNHWVHVWDEOLVK
FRJQLWLYH PDFKLQHV RI GLIIHUHQW LQWHOOLJHQFH OHYHOV LQIXVH GLIIHUHQW FRPSDQ\ GHSDUWPHQWV DW YDULRXV WLPHV WKH
FKDOOHQJHVHPHUJHRXWRIGD\WRGD\EXVLQHVV&RPSOH[DQGVKDGRZ\SRVVLELOLWLHVRIWKLQNLQJPDFKLQHVRIIHUULVNV
DQGFKDQFHVDWWKHVDPHWLPH
&RPSDQLHVVKRXOGDEDQGRQWKLQNLQJWKURXJKDOORSWLRQVEHIRUHFKRRVLQJRQH,QVWHDGWKH\VKRXOGH[SHULPHQWZLWK
VHYHUDOVWUDWHJLHVWKDWGRZRUNHYHQLIWKH\DUHQRWVXUHDERXWLPSOLFDWLRQVDQGFRQVHTXHQFHV,QSLFNLQJDVWDUWLQJ
SRLQWWKH\FDQOHDUQIURPHJSROLF\PDNHUV3ROLWLFLDQVIRFXVRQWKHHQVXLQJEHVWDFWLRQWKDWLVDYDLODEOHLQVWHDGRI
WKLQNLQJDERXWWKHP\ULDGRIRSWLRQV7KH\TXLFNO\DQDO\]HWKHLUSRWHQWLDORSWLRQVDQGPDNHGHFLVLRQVWKDWPHHW
WKH JRDOV RI VRPH VWDNHKROGHUV 7KLV ZD\ WKH\PDNH SURJUHVV E\ FRQVWDQWO\ DGDSWLQJ DQG LPSURYLQJ WKH JLYHQ
VLWXDWLRQ,QDVLPLODUZD\HQWHUSULVHVFDQIRUPXODWHLQLWLDOcognitive strategies WKDWZRXOGEHrobust IRUH[HFXWLRQLQ
PDQ\ SRWHQWLDO IXWXUH VFHQDULRV Scenario planning LV D GLVFLSOLQH WKDW FRXOG EH DGDSWHG WR XQGHUVWDQG WKH
UHOHYDQFHRIDUWLILFLDOLQWHOOLJHQFHLQDEXVLQHVVFRQWH[W
6PDUWFRPSDQLHVFRQGXFWWHFKQLFDODQGFXOWXUDOH[SHULPHQWVODXQFKH[FLWLQJSLORWSURJUDPVDQGWHVWFRJQLWLYH
SURWRW\SHV7KH\PDNHWKHLUPLVWDNHVFRQVFLRXVO\DQGDVIDVWDVSRVVLEOHOHDUQIURPWKHPDQGZDONDKHDG
&RQFOXVLRQ
,7SURMHFWVWKDWDUHGULYHQE\DUWLILFLDOLQWHOOLJHQFHZLOORSHUDWHLQDUHDOPRIOHDUQLQJQRWNQRZLQJIURPWKHSDVW
+RZWRGHSOR\PDFKLQHFRJQLWLRQIRU WKHHQWHUSULVHSRVHVSDUWLFXODUFKDOOHQJHV ,WZLOOPRVW OLNHO\QRWZRUN LQD
ZDWHUIDOOSURFHVVEXWRQO\LQDZD\ZKHUHSUREOHPVROYLQJDQGOHDUQLQJDUHWLJKWO\LQWHUWZLQHG³:LFNHGSUREOHPV
GHPDQGDQRSSRUWXQLW\GULYHQDSSURDFKWKH\UHTXLUHPDNLQJGHFLVLRQVGRLQJH[SHULPHQWVODXQFKLQJSLORWSURJUDPV
WHVWLQJSURWRW\SHVDQGVRRQ´
:H SURYLGH D VWUDLJKWIRUZDUG DQVZHU WR WKH TXHVWLRQ KRZ WR KDQGOH WKH GHSOR\PHQW RI DUWLILFLDO LQWHOOLJHQFH
&RPSDQLHVPXVW FUHDWH D shared XQGHUVWDQGLQJ RI WKH SUREOHP DQG D shared FRPPLWPHQW WR SRVVLEOH VROXWLRQV
7KRXJK VKDUHGGRHVQRWPHDQ WR DJUHH RQ WKH SUREOHP EXW WR UHVSHFW RWKHU SRVLWLRQVZHOO HQRXJK WR FRQGXFW D
GLDORJXHDERXW WKHGLIIHUHQW LQWHUSUHWDWLRQVDQGIXUWKHURQWRXVHFROOHFWLYHKXPDQLQWHOOLJHQFHRQKRZWRSXUVXH
³%HFDXVHRIVRFLDOFRPSOH[LW\VROYLQJDZLFNHGSUREOHPLVIXQGDPHQWDOO\DVRFLDOSURFHVV+DYLQJDIHZEULOOLDQW
SHRSOHRUWKHODWHVWSURMHFWPDQDJHPHQWWHFKQRORJ\LVQRORQJHUVXIILFLHQW´
$FNQRZOHGJHPHQWV
6SHFLDOWKDQNVJRWRDQ\RQH,HQFRXQWHUHGLQP\OLIHZKRKDVEHHQZLFNHGHQRXJKWKDWVKHLQVSLUHGPHWRORRN
PRUHSUHFLVHO\LQWRDWRRODPHWKRGRORJ\RUDQRWKHULGHDRQKRZWREHWWHUVHUYHP\PHDQLQJRIOLIH
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